Amaç: Diabetes mellituslu (DM) hastalarda karpal tünel sendromu (KTS) teşhisinde ultrasonografinin değerini ve diabetik KTS'li hastalarda radial ve ulnar arterlerin akım karakteristiklerini araştırmak amaçlanmıştır. Bulgular: DM-KTS grubunda, CSA-p ve CSA-d değerle-ri DM ve C gruplarına göre anlamlı olarak daha büyüktü (p<0.01). FR-p, DM-KTS grubunda C grubuna göre anlamlı olarak daha büyüktü (p<0.01). ROC eğrisi analizinde, CSA-p ≥ 9.5 mm 2 (AUC 0.84; duyarlılık 78.3% and özgüllük 88%) ve CSA-d ≥ 9.5 mm 2 (AUC 0.78; duyarlılık 73.9% and özgüllük 84%), DM-KTS elin çok güçlü bir prediktörüdür. Doppler incelemesinde her iki radial ve ulnar arter akım volumü, pik sistolik hız, end-diyastolik hız ve rezistif indeks ölçümlerinde gruplar arası farklılık yoktu (p>0.05). Radial arter damar çapı, DM-KTS grubunda C grubuna göre anlamlı olarak daha büyüktü (p<0.05). Sonuçlar: Diabetik KTS'li hastalarda diabetli ve sağlıklı kişilere göre median sinir CSA anlamlı olarak büyüktür. Diabetik hastalarda KTS değerlendirilmesinde, ultrasonografiyle ölçülen CSA diagnostik bir araç olabilir.
INTRODUCTION
Carpal tunnel syndrome (CTS) is a widely seen entrapment neuropathy with a prevalence of 2% in the general population, and has been reported to be seen at a rate of 14% in diabetes mellitus (DM) patients without diabetic polyneuropathy (DPN) and at 30% in patients with DPN [1] . The pathophysiology of CTS is not fully known. However, in CTS, median nerve compression in the carpal tunnel is thought to cause functional abnormalities in the early stage and structural abnormalities in advanced stages [2] . Diagnosis is made from clinical examination and electrodiagnostic studies, although nerve conduction studies (NCS) do not give any information about structural abnormalities of the nerve [3] . However, despite the evaluation of clinical symptoms in diabetic hand syndromes which develop in diabetic patients and various comparative NCS tests, the diagnosis of CTS can be difficult [4] . As ultrasonography is painless, easily available and preferred by patients, it has been defined as a non-invasive diagnostic method which can be used in CTS [3, 5] . A significant correlation has been shown between the median nerves CSA measurements measured with ultrasonography and median nerve conduction abnormalities obtained with electrodiagnostic tests [6] .
DM is a risk factor for CTS [7, 8] . There are published studies showing a relationship between diagnosis confirmation by ultrasonography and electrodiagnostic results in CTS patients with or without DM [3, 4] . Changes in flow volumes in hand arteries [9] and impairments in vasomotor activity have also been shown in idiopathic CTS patients [10] . However, to the best of our knowledge there are no studies in literature which have evaluated the characteristics of wrist artery blood flow and ultrasonography and electrodiagnostic findings in DM patients with and without CTS.
Therefore, the aim of this study was to investigate the value of ultrasonography in CTS diagnosis in diabetic patients without DPN and to examine the relationship between the diagnostic confirmation of ultrasonography and electrodiagnostic results. It was also aimed to evaluate the blood flow characteristics of arteries with Doppler ultrasonography in DM patients with and without CTS.
METHODS
The study initially included 50 patients, diagnosed with Type 2 DM according to the World Health Organization criteria, who presented at the Physical Medicine and Rehabilitation Clinic between February 2012 and December 2013 [11] . As a result of the clinical and neurophysiological evaluation, 15 patients with diabetic polyneuropathy were excluded from the study leaving 35 patients with DM in the study. Clinical and electrophysiological evaluation of the DM patients resulted in separation into groups of 23 hands determined with CTS (DM-CTS hands) and 47 asymptomatic hands (DM hands). A control group was formed of 25 healthy individuals (50 hands, C hands). Each hand was evaluated separately in the data analysis.
According to the American Academy of Neurology practice parameters criteria, CTS is defined [12, 13] as follows:
1. Increased paresthesia, pain, swelling, weakness and incapacity of the hand when the arm or hand is kept in the same position during sleep or with repeated hand movements and which are reduced with posture changes and shaking of the hand.
2. Sensory deficit in the area of the hand innervated by the median nerve.
3. Hypotrophy or motor deficit of the thenar muscles which are innervated by the median nerve.
4. Positive provocative clinical tests (positive Phalen maneuver and/or positive Tinel's sign).
Diagnosis of CTS is made clinically with the first criteria together with one or more of the other criteria.
The electrophysiological diagnosis of CTS was based on median nerve distal sensory latency >3.4 ms, median nerve distal motor latency over 4.2 ms [14] ; and a difference between median and ulnar nerve distal sensory latencies >0.4 ms [15] .
Patients were excluded if they had neurological, rheumatological or nephrological diseases, pregnancy, previous CTS surgery, or a history of forearm fracture, steroid injection into the carpal tunnel within the previous three months, splint use, or a history of malignancy, cervical radiculopathy or diabetic polyneuropathy in the electrophysiological examination. The Institutional Ethics Committee approved the study protocol and all subjects provided written informed consent.
Grey scale and Doppler sonography were performed using a Logic 7 (GE Healthcare, Milwaukee, WI, USA) ultrasound machine and a high-resolution 12-MHz probe. All measurements were performed with the same device by a single radiologist blinded to the subjects' clinical and laboratory results. formed in the same session. The patient was seated facing the doctor with the forearm on the knees, the palm supine, and fingers semi-extended in the neutral position. The transducer was placed directly on the patient's skin with gel. For the transverse scan, the probe was kept directly perpendicular to the long axis of the median nerve in order to ensure that the area measured reflected a cross-sectional area (CSA) (Figure 1 ).The CSA and flattening ratio (FR, defined as the ratio of the major axis of the median nerve to its minor axis) were measured at the tunnel inlet (proximal) and 1 cm distal to the wrist crease (distal). The "tunnel inlet" referred to the level immediately deep to the proximal edge of the flexor retinaculum. The thickness of the flexor retinaculum was also measured. Doppler imaging was used to evaluate the resistive index (RI), peak systolic velocity (PSV), enddiastolic velocity (EDV), vascular diameter, and flow volume (FV) in the radial and ulnar arteries. FV was calculated by artery diameter measurement using the area below the spectral waveform. RI was defined as the difference between the peak systolic and end-diastolic flow velocities divided by the peak systolic flow velocity. Doppler imaging was used to guide the placement of the spectral Doppler gate and to estimate the beam-to-vessel angle. The Doppler angle was maintained at 60° throughout the examinations. The blood flow parameters were compared between the groups.
Statistical analysis
Statistical analyses were carried out using SPSS 18.0 for Windows (PASW Statistics for Windows, SPSS Inc., Chicago, IL, USA). Distributions of parametric variables were evaluated using the one-sample Kolmogorov-Smirnov test. One-way analysis of variance (ANOVA) with Bonferroni post hoc correction was used to compare the differences among groups. For intergroup comparisons of categorical variables, cross-table statistics were given, and a Chi-square test was used to assess the level of significance. ROC curve analysis was used to determine the CSA value most predictive of CTS hands. Pearson's or Sperman's correlation test was used to determine the relationships between variables. Linear regression analysis was performed to identify independent predictors of CSA. All demographic and quantitative data were expressed as mean ± SD. Differences with p values of <0.05 were considered to be statistically significant, and all results are expressed with a 95 % confidence interval.
RESULTS
The demographic data of the study participants are shown in Table 1 . There were 23 hands in the DM-CTS group, 47 hands in the DM group and 50 hands in the C group. No statistically significant difference was determined between the 3 groups in terms of body mass index (BMI), age, gender or occupation (p>0.05). The comparison of ultrasonographic parameters between the groups is shown in Table 2 . In the comparison between the groups, there was a significant difference in the median nerve CSA proximal (p) and the CSA distal (d). The CSA-p and CSA-d in the DM-CTS group were statistically significantly greater than those of the DM and C groups (p<0.01).
DM-CTS-hands
The results of the Doppler evaluation of the subjects' hands which were evaluated in a neutral position are shown in Table 3 . A statistically significant difference was determined between the groups in respect of the radial artery diameter (p=0.002). The radial artery diameter of the DM-CTS group was statistically significantly greater than that of the C group (p<0.05).
The ROC curve analysis of the DM-CTS group is shown in Figure 2 . A positive correlation was determined in CSA-p and CSA-d with the duration of the disease. A positive correlation was also found between CSA-p and ulnar artery RI (Table 4 ). able diagnostic method [16] . Previous studies have shown significant differences in median nerve CSA measurements between idiopathic CTS patients and healthy controls [5, 16] . In a study comparing idiopathic, diabetic and DPN patients with CTS and healthy controls, the CSA of the idiopathic, diabetic and DPN patients with CTS was found to be greater than that of the healthy controls. In that study, it was also found that the CSA of the diabetic patients with CTS was greater than that of idiopathic CTS patients [4] . In a recent study, the CSA of diabetic and non-diabetic CTS patients was determined to be greater than that of healthy controls, but there was no difference between diabetic CTS patients and idiopathic CTS patients. In the same study, the CSA measured in the distal of the flexor retinaculum (CSA-d) was found to be significantly greater than that of the diabetes group [3] . In the current study, the median nerve CSA-p and CSA-d of the diabetic patients with CTS were found to be greater than those of the diabetic and healthy individuals. 
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DISCUSSION
In the current study, the median nerve CSA-p and CSA-d were found to be significantly greater in the diabetic patients with CTS compared to the diabetic patients and the control group. The thickness of the flexor retinaculum of the diabetic patients with CTS was found to be greater than that of the control group. The cut-off value of CSA-p and CSA-d for CTS confirmation was more than 9.5 mm 2 in diabetic patients. In diabetic patients a positive correlation was found between CSA-p and CSA-d, the duration of the disease and ulnar artery RI values. In addition, the radial artery diameter of DM-CTS patients was found to be significantly greater than that of the healthy control group.
In clinical practice, even if electrodiagnostic tests are applied to diabetic patients, it is difficult to differentiate CTS from other neuropathic syndromes [1] . CSA measurements made with ultrasonography play a complementary role in the diagnosis of CTS and are considered to have made this a valu-Many factors are known to be related to CTS, such as mechanical and ischemic factors, external epineural and perineural thickening and fibrosis [17] . Local widening of the median nerve CSA may be explained by all these factors. In diabetic patients, focal widening of the median nerve CSA is seen particularly at the level of the tunnel inlet. The polyol pathway, glycation and pro-inflammatory reactions are known to be related to diabetic peripheral nerve injury [18] and reduced capillary density and myelinated nerve fibers in diabetic patients [19] . CSA widening may be caused by a predisposition to CTS. In the current study, the duration of the disease in diabetic patients was seen to be an independent risk factor of CSA widening. In addition, as there were no idiopathic CTS patients in the current study, how much biological response to compression and diabetic peripheral nerve injury contributed to CSA widening in diabetic patients could not be evaluated.
A previous study has shown that increased median nerve CSA is a highly significant predictor of non-diabetic CTS [20] . Studies have reported critical CSA values of 9-14 mm 2 as predictive of CTS in non-diabetic groups [21] . In a study which excluded DPN patients, in the confirmation of CTS in diabetic and non-diabetic CTS patients, the CSA measurement from the wrist crease was shown to be more than 13 mm 2 in both groups [3] . In a study by Chen et al, the CSA cut-off values measured from the tunnel inlet, the wrist crease and the tunnel outlet were 15.3 mm 2 , 13.4 mm 2 and 10 mm 2 respectively in the diabetic CTS group and 14 mm 2 , 12.5 mm 2 and 10.5 mm 2 respectively in the DPN CTS group [4] . In the current study, the CSA cut-off value measured at the level of the tunnel inlet and the wrist crease was found to be 9.5 mm 2 at both levels in the diabetic CTS group.
In a study comparing the arterial flow parameters of CTS patients with those of healthy controls, a significant increase was seen in the radial and ulnar artery flows of the CTS patients [9] . It was suggested in that study that the increased arterial flow could be associated with substance P or local inflammatory response to sympathoparalytic vasodilation in CTS patients [9] . Another reason for increased arterial blood flow in CTS may be impairment in the autonomic control of local blood perfusion in the distal area innervated by the median nerve associated with median nerve compression [22] . A recent study which used Doppler ultrasonography showed impaired vasomotor activity in CTS patients [10] . In another study in which median nerve circulation was evaluated with dynamic MRI in CTS patients, it was shown that the changes created in CTS were associated with chronic hypoxia due to the irregular circulation in CTS rather than nerve compression [23] . In the current study, no significant difference was found in the flow volumes of all three groups. However the radial artery diameter was determined to be greater in the diabetic CTS patients than in the healthy controls. This may have been due to impaired vasomotor activity in the CTS group. In addition, a positive correlation was found between the CSA and the ulnar artery RI values in the diabetic patients. RI reflects vessel compliance according to changes in systemic blood pressure. Increased RI reflects reduced vascular compliance [24] . In the current study, reduced ulnar artery compliance was shown by the increased CSA.
There were some limitations to the current study. First was that the number of cases was low despite several confounding factors, especially in the diabetic group. Secondly, as DPN patients were excluded from the study, the results may not reflect the results of all diabetic patients with CTS. Thirdly, as patients with idiopathic CTS were not compared with diabetic CTS patients, the role of diabetes in the changes which occurred could not be evaluated.
In conclusion, median nerve CSA measured with ultrasonography can be a diagnostic modality in the evaluation of CTS. The median nerve widening which develops associated with median nerve axonal degeneration and demyelinisation can be determined by calculating the CSA. The changes determined on Doppler ultrasonography can be related to clinical findings such as nocturnal pain, swelling and changes. To confirm the relationship between blood flow and sympathetic innervation, there is a need for further studies to examine blood flow parameters at the same time as monitorization of the sympathetic nerves of the hand.
